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 arm.^ A i r  Forces ,  A i r  Technica l  Se rv ice  Command 

CHAl?ACTEF?ISTICS O F  SEVZfihL SINGLE- N D  DUAL- 

BY W. H. Gray  and Jesn  S i h s n ,  Jr. 

Thrlist and power c h a r a c t e r i s t i c s  of s eve r81  si.ng2.e- 
end d u a l - r o t a t i n g  TroDe13.ers 3i.z"f'erj-np i n  b lade  width and 
number of blades a r e  p re sen ted  f o r  t h e  reg ion  o f  neg.stive- 
t h r u s t  opero t ion  from -44O t o  l4!jo b lade  angle.  The t e s t s  
herein r e p o r t e d  a re  an ex tens ion  of' p e v i o u s  s i n g l e -  and 
d u a l - r o t a t l n g  p r o p e l l e r  t e s t s  u t i l f z f n g  blades of  H a d  l t o n  
S tandzrd  3155-6 ( C l a r k  Y s e c t i o n )  des ign .  

The t e s t s  I n d l c s t e d  t h e t  wi thfn  r e e s o n a b l e  accuracy 
i t  i s  p o s s i b l e  Lo 2 r e d i c t  f o r  a given p r o n e l l e r  desibm 
c h a r a c t e r i s t i c s  i n  t h o  n e g a t i v e - t h m s t  range f rom howin 
c h a r a c t e r f s t i c s  a t  a d i f f e r e n t  a c t i v i t y  f a c t o r .  

Adequate n e g a t i v e  t h rus t s  were indicated f o r  extremely 
h i g h  p o s i t i v e  as well as n e g a t i v e  blade ang le s .  

For  t h e  p a r t i c u l e r  s e l e c t i o n  of  b lade  mgles  used i n  
t h e s e  t e s t s ,  single r o t e t i o n  gave hfGher n e g a t i v e - t h r u s t  
c o e f f i c i a n t s  than  dua l  r o t a t i o n  a t  low va lues  o f  J, b u t  
a t  va lues  o f  J higher  than ~iboiit  1.5,  d u a l  r o t a t i o n  
produced higher  c o e f f i c i e n t s .  

IWTRODUC T I: ON 

A t  t h e  r e q u e s t  o f  t he  A r m y  Air Forces ,  A i r  Techn ica l  
Se rv ice  Command, t e s t s  of s i n s l e -  m d  d u e l - r o t a t i n g  pro-  
p e l l e r s  oi3er.ating i n  the nega t ive - th rue  t range  were con- 
duc ted  i n  the L ~ n p l a y  p r>ons l l e r - rosea rch  t u n n e l .  The 
b lades  s e l s c t e d  f o r  t h e s e  t e s t s  were t h e  Hamilton S tanda rd  
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3155 des ign ,  which p rev ious ly  have been the s u b j e c t  o f  a 
r a t h e r  broad t e s t  program i n  t h e  p o s t t i v e - t h r u s t  range. 
(See r e f e r e n c e  1.) 

Negat ive t h r u s t  has a number of p o t e n t i a l  uses  mong 
which a re  r educ t ion  of l and ing  run,  r educ t ion  of  t e rmina l  
v e l o c i t y  i n  d iv ing  f l i g h t ,  t a c t i c a l  maneuvering of fighters, 
mmelxver+ing of mul t renpine  seap lmes  on wa te r ,  end mooring 
l i g h t e r - t h a n - a i r  ships. 

At p r e s e n t  t he  normal range f o r  ope ra t ion  i n  n e g a t i v e  
t h r u s t  i s  a t  smsll blade angles, p a r t l y  s i n c e  the angle 
change necessa ry  i s  s m c l l e r  than t h a t  r e q u i r e d  by a change 
t o  t h e  ex t remely  h igh  p o s i t i v e  angles, ond p a r t l y  because 
operation a t  h i g h  p o s i t i v e .  angles m i c - h t  result i n  ope ra t ion  
below the  minimum e n q i n e - r o t e t i o n s l  speed. The use of 
nega t ive  blade angles  n e c e s s i t a t e s  pas s ing  through a 
minimum t o rque  r eg ion  with the  danger o f  ovarspeeding t h e  
engine,  whereas high p o s i t i v e  angles requi?e ope ra t ion  a t  
very  high power and very low enginc speeds. P m v i o u s  
n e g a t f v e - t h r u s t  i n v e s t i g a t i o n s  ( r e f e r e n c e s  2 and 3 )  * 
are l i m i t e d  i n  r 'uge of  blade angles,  s o l . i d i t y ,  and type . 
of rototion. The t e s t s  r e p o r t e d  he re fn  were mado over  a 
blade-angle r m g e  f rom -450 t o  11450, u s ing  s i n g l e - r o t a t f n g  . 
p r o p e l l e r s  having  t h m o  and f o u r  blades an$ d u a l - r o t a t f n g  
p r o p e l l e r s  having f o u r ,  s i x ,  end e i g h t  b ledes .  

COXFFICI33NTS AND SYXBOLS 

The r e s u l t s  a m  presented  i n  nondi rn~ns ion;? l  forms of 
t h r u s t  c o e f f i c i e n t ,  power c o e f f i c i e n t ,  and torque c o e f f i c i e n t .  

c e f ' f ec t ivo  thrust 
pn2& cT - 

nega t ive  when power i s  d e l i v e r e d  P 
cp  = a 

t o  engina by p r o p e l l e r  
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The e f f e c t i v e  t h r u s t  i s  the measured th rus t  of t h e  
p r o p e l l e r - b o d y  combination p lus  drcg 01' t h s  body rnessurod 
wi thout  a p r o p e l l e r  ( p o s i t i v e  i n  the d i r e c t i c n  of f l i g h t ) .  

The symbols used m e  def ined  as f o l l o w s :  

P power absorbed by  p r o p e l l a r ,  foot-pounds p e r  
second 

z aerodynamic torquz ,  foo t -pounds  

n n r o p e l l e r  r o t p t i o n p l  speed, r p s  

D propsller d i a n l e t z r ,  f s e t  

P inass dens i ty  of the sir, slugs p e r  cubic  f o o t  

v f're$-stream v e l o c i t y ,  f'e6.t p a r  second 

8, OF, $rc. 

S u b s c r i p t s  F a d  R r e f e r  t o  f r o n t  md rear components 
of d u a l - r o t s t i n g  p r o p e l l e r s  

blnde angle a t  0.75 R ,  degreos 

J advance rstiC), V/nD 

TAF t o t a l  a c t i v i t y  f a c t o r  = 13 x l G O O O 0  
10 

d 0 . 2  B numbsr o f  b l ades  

b Slade width a t  s t a t i o n  (r/R) 

r radius t o  s t a t i o n  

R r a d i u s  t o  t i p  

A complete d e s c r i p t i o n  o f  the e q u i p m n t  used i n  con- 
duc t ing  t h e s e  t e s t s  w i l l  be found i n  r e f e r e n c e  4. S0xr.e 
f e a t u r e s  of t h e  t e s t  s e t u p ,  however, are r e p e a t e d  herejn.  
The t e s t  s e tup ,  v;ith wing, w a s  rnowted i n  t h e  wind tLu ins l  
a s  shown i n  f i g u r e  1. Dimensions o f  t h e  n a c e l l e  and 
symmetrical  e- i r f 'o i l  wing a r e  given i n  f i g u r e  2. 
was s u p p l i e d  by two 25-horncgower e l e c t r i c  i n d u c t i o n  

Power 
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n o t o r s  which d rove  p r o p e l l e r s  on concen t r i c  shafts.  
Negative 2s well E S  a o e i t i v e  torque  was memured with 
s y ra in  p- s e Is yx  dyn amoine t e r e yuiprnsn t . 
speed was determined by rrieans of  e l e c t r i c  tnchometers.  
Thrus t  was memiwed as n e g a t i v e  drag on t h e  r e g u l a r  wind- 
t u n n e l  b e l m c e .  

P r  opr3 1 le r r o t  a t  i on  n l  

The 10 -f o o t -4i 8me t er p rope l l e r s  , B n m i  1 t o n  S t nnd ~ i ' d  
b l ade  design 3155-6 ( r i g h t - h a n d )  and 3156-6 ( lef t -hanu)  
of a c t i v i t y  f a c t o r  89. r i ,  as  w e l l  E S  tile wide b l ades ,  
H m i l t o n  Standard 5155-6-1.5 ( r i g h t - h m d )  ana 3156-6-1.5 
( l e f  t -hmd) of  a c t i v i t y  f a c t o r  l3$.4, were $hose used i n  
previous  inves t ign t io r i s .  (See  r e f e r e n c e  1. ) These 3 r o -  
p e l l e r s  f o r  which p l a n -  and blade-form curves  ane given 
i n  figure 3 incorbpornte C l m k  Y a i r f o i l  s e c t i o n s .  

In gene ra l ,  p r o p o l l e r s  o t  y o s i t f v c  blade-angle s e t t i n g  
bs twem 8 = and @ c 6 5 0  werc3 t c s t a d  i'roin th; J f'9r 
z e r o  t h r u s t  t o  t h e  n i g h e s t  s t t a i n a b l e  J. A t  a l l  o t h a r  
b l a d e  nnglas ,  t e s t s  were made o v a r  t h s  nr,xi:num J rel-iga 
a t t a i n a b l e .  E i g h  ve lues  o f  J were obtainitd i n  some cases  

I+O rpm,  
frcm 250 t o  650, i t  was d e e n e d  advjsable  t o  m z i n t a i n  t h e  r 

soms d f f f ' e r e c t i a l  betwean f r o n t   nil r e m  'clads angles  as 
t h a t  employed in pravious  t a s t s  of' t h o s e  p r o 7 e l l e r s .  ( S e e  
references 1 mdlc . )  Prom @, equals  15a t o  -45O, t he  
f r o n t  and r e e r  b l ade  s e t t i ngs  wera e y u ~ l  and from pF, 
equals  7 5 O  t o  145O, the b l ades  were s e t  t o  malmtain t h o  
d i f f e r e n c e  uscd a t  t h 3  7 5 O  b l a d e  m g h .  F'iguro 1.1. i s  EI 
p l o t  o f  thpu d i f f a r e n c e  .in f r o n t  and r 6 a r  blndc:: sn , t t ings .  
Tho r o - t a t i o n c l  speud.s of the f r o n t  :md r e a r  components 
xe re  equcll throughout  t hc  t o u t s .  

t e s t e d  i n  t h e  r e a r  hub, whi le  t h e  b l a d e s  of the fou r - ,  six-, 
and e i g h t - b l a d e  dua l . - ro ta t in  F r o p e l l e r s  were equa l ly  
d iv ided  between two hubs in fandeni, with e hub s p a c i n s  of 
14 inches.  

b by o p e r a t i n g  a t  propeller rot8tionp3. s r e a d s  :is lovz ES n 

Fora d u a l - r o t a t i n g  nropel!.er13 with v a l u e s  of 

Three- and four-blRde s i n g l e - r o t a t i n g  p r o p a l l e r s  were 

Because of t h e  low power m d  speed  of  the e l s c t r i c  
motors, p r o p e l l e r  r o t  .t:i o n a 1  speeds ne re  sucn that; the 
t i p  Msch number was alwsys  lower then 0.3. Tho h i g h e s t  
Reynolds number b m e d  on the chord  a t  thu 0.75 R was about 
1,000,@00. The ePf'ect of' Reynolds numbel- was n o t  c r i t i c a l  
w i th in  the  r m g e  o f  the  t e s t s  2s t h e  e f f e c t  of changes 
bstween one-half million m d  one m i l l i o n  could n o t  be 
measured. 



NFI XO. ~ 4 ~ 0 7  5 

. 

An i d e o  of  t h e  t e s t i n g  eccuracy iiiay be obtn jned  from 
t h e  f a c t  t h p t  t he  f a i r e d  curves obscure t h e  t e s t  p c i n t s ;  
t h e r e  i s  g e n e r a l l y  n o  more s c a t t e r  thar, t h e  width of  the 
f s f r e d  l i i ie  . 

lin irn2ortant g o i n t  t h a t  nay be rilgde f o l l o w h g  611 
i n s p e c t i o n  of t hese  f i g u r e s  i s  t h a t  n blade cngle  of 145O 
geve alnios t as g r e a t  a neg3tivL3-tluwzt c o e f f i c i e n t  9s -15O. 
The magnitude of t he  d i f f e r e c c e  depmcis or, t h e  v q l u s  01' J 
a t  which t h e  comparison i s  nade. 

In f i g u r e  25, for a wide r m g e  of  f ror i t  b lade angles, 

The p o i n t s  i n d i c a t e d  on this figurc3 ni.,3 n ~ ? c e s s ~ r ~ f l y  
d a t a  have been reduced t o  R COiEfion basis ( n c t i v l t y  f ,n ,c tor  
100) .  
f rom f a i r e d  d s t a  and a r e  n o t  t e s t  p o r n t s .  Values i n  the 
p o s i t i v e  t h r u s t  range were ob ta ined  .Prc.m r e f e rence  1. A t  
each  b i t d e  g n q l c ,  th.e s c a t t e r  o r  p ! J i n t s  I n d i c a t e s  t he  
accuracy. Fo r  s inz lo  ro"s.t ion,  r ~ ~ p i r e r ~ t l y ,  s%m-plo  r l l o w -  
ance for a c t i v i t y  f a c t o r  .would s u f f i c e  t o  @ngbl:S tiic 
n e g a t i v e - t h r u s t  c h a r a c t e r i s  t i c s  of  a i i r o p e l l s r  o f  any 
solidity t o  be p r e d i c t e d ,  ;>rovided t h e  char2,cter is  t i c s  for 
a s i i n f 2 . e ~  p r o 9 e l l e r  o f  m y  o t h e r  s o l i d i . t y  w e r g  1.y;own. The 
eccurFcy o f  t h i s  zdjustment for d u ~ l  r o t s t i o n ,  f l .gurcs  2 5 ( c )  
m d  2 5 ( d ) ,  i s  n o t  I S  good R S  f o r  s i n c l a  r o t e t i o n .  For t h e  
r m g e  of b lede  a n g l e s  shown .tha z c a t t c r  v r r i e s  between 0 
end 30 p e r c e n t  d e p e n d h g  on J and @ ; t h e  greEt3.r 
z e g a t i v e  o r  p o s i t i v 3  i s  6 , tha  g r s n t u r  i s  the s c o i t c r .  
The s c t t t e r  e l s o  l n c r t e s e s  P t  low v n l u b s  o f  J. 

F igure  25 arn2hRsizes p o i n t s  n o t  s o  m 2 p r a n t  i n  t h e  
precydlng L'jgurds of  which i t  i s  r conlpostta. The n e g a t i v e  
bl3de m a l e  f o r  rwximum neg:;tivs t h r u s t  v a r i e s  from -30 
t o  -15 2s J v s r i e s  f rom 1 t o  !+. for s i n g l o  rotPtiorL, End 
from -40 t o  -25 i 'or tlie seme va lues  of J for duel r o t 3 t i o n .  
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As s t a t e d  p r e v i o u s l y  t h e s e  d u a l - r o t s t i o n  t e s t s  had been 
run a t  e q u s l  f r o n t  m d  r e a r  blade .angles f o r  all negn t ive  
bla.de-angle t e s t s .  I t  a i g h t  have been :?css ib le  t o  o b t a i n  
the  rr?axl.mum noga t ive  t h n r s  t a t  f r o n t  blade angles comparable  
t o  t b s e  f o r  single r o t a t i o n  by a resdjustrnent o f  b1.ade- 
angle d i f f e r e n c e  between the  f r o n t  ar,d rem con:ponents . 
In a. p r a c t i c a l  i n s t z l l a t i o n  it; woul.c? be possible t o  i.nstrl1 
stays f o r  ope ra t ion  i n  n e c a t i v e  t h r u s t  a t  t h o  unequal f ro l r t  
and r e w  blsdc: angles  thus  necessi tF. tcd.  Some considera:tion 
should,  howzver, bo g iven .  ths  t i m s  r e q u i r e d  t o  s h i f t  b lade  
angle;  i t  would be des i rF .b l e  t o  starat fron o r  approach t h e  
same f r o n t  and r e n r  b l d c  a n p l e  a t  n e g a t i v e  t h r u s t .  

It i s  a l s o  m o r e  ar),r,erent f'ron? f i g u r e  25 t han  from t h e  
previous f i g u r e s  t h a t  1 . i t t l a  d i f f e r e n c s  ex i sc s  between the 
n e g a t i v e - t h r u s t  c o e f f i c i e n t  a v c i l u b l e  a t  -15' and at, 145" 
f o r  a wide range of Jfs. A s  n o t e d  in t he  i n t r o d u c t i o n ,  
t he  p o s s i b i l i t y  e-cis t s  for onerr t icxi  i:i rieg?P+vs t h r u s t  a t  
h i g h  p o s i t i v e  blecle Angles end t h e  d s t a  b e a r  ou t  a t  l a a s t  
the f e a s i b i l i t y  of  o b t a i n i n g  n e g a t i v e - t h r u s t  coef ' f ic le r i t s  
eque.1 t o  those  ob te ined  a t  ncg-ratlve b l a a e  a r , ~ l e s .  

Some comprrison may 8.1~0 be a f fo rded  f o r  s i n g l e  and 
dua l  r o t a t i o n  from the two p a r t s  of f i g u r e  25. F'or  lo^ 
and n e g a t i v e  b l a d e  m g l c s  larger valuas  of t h r u s t  mid 
power c o e f f i c i e n t  e r e  i n d i c a t e d  i n  t h e  case  01' s i n g l e  
r o t a t i o n  below 8 vs lue  o f  J of 2 thzn f o r  d u a l  r o t e t i o n .  
Above a vqlua of J of 2 tk13 r e v e r s e  i s  t r u s .  This 
cond i t ion  i s  Lra5, o f  course, on ly  f o r  t h e  p a r t i c u l a r  
s e l e c t i o n  o r  b18de enizles used i n  t h e s e  t e s t s .  A t  vary  
h i g h  angles  the  vnlixa o f  J for> , equa l  t h r u s t  was apcwoxi- 
mate ly  1.5. A t  srrisller v z l u c s  ~ f '  J the n e g a t i v e - t h r u s t  
c o e f f i c i e n t s  w e r e  l a r g e r  for s i n T l o  t h m  for duo1 r o t a t i o n .  
At; values  of  J 1s.rger t han  1.5 the c o e f f i c i a n t s  wera 
smaller. A t  high bladt! m g l e s  powcr c o G f f i c i e n t s  for 
single r o t a t i o n  wdre 6ppmciEbly smnllal-  E t  311 va.lues 
of J th.on those for d u a l  r o t e t i o n .  

Mmy a p p l i c a t i o n s  of' n e g a t i v s - t h r u s t  d a t a  Ere poss i .b le ;  
t h e  form o f  p r e s e n t a t i o n  b e s t  s u i t e d  for rnr given a.ppli- 
c a t i o n  depends, of course ,  on t h e  v a r i a b l e s  involved. 
References 5 and 0 p r e s e n t  methods o f  ejjproach t o  t he  - 
problem of reducing speed Gn an ove r t ak ing  a i r p l a n e  t o  
i n c r e m e  f i r i n g  t ime,  Reference b ~ l s o  presen, ts  methods 
of sQlv in3  problems o f  l and ing  d e c e l e r s t i o n  m d  raduced 
d ive  speed. Thess methods a re  based  on s t a n d w d  c o e f f i c i m t s  
as used i n  t h e  p r e s e n t  r e p o r t .  However, the use of  s p e c i a l  
c o e f f i c i e n t s  m d / o r  methods of p l o t t i r i g  may T ~ c j . l i t c t t ?  the 

.. 
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s o l u t i o n  of‘ problems such 8s d e t e r m b e t i o n  o f  th.e ra. te o f  
p f t c h  change necessary t o  1j.ni.t cvers2eeding  t o  a. re.cson- 
able value.  The ques t ion  o f  ove r spee ( i fn~ ,~  i s  O S  m a j o r  
imyort  ance when t h e  b l . a & - m s l s  chmges  involvod a m  f‘rom 
h i g h  pos i t i . v=  vrjlues t o  i’iegative m g 1 . e ~ .  Methods 0.P 
approach t o  .this 8s w e l l  ns t;l, cithar pr.oSlen;s cnpIoyj . r iZ  
s p e c i a l  c o e f f i c i e n t s  end p lo t t j . i i g  m’i!-~ods oi.J.tiiIie<! 
i n  r e f e r e n c e ? .  

Subsequent t o  the original t e s t  crogrmi acid.itl m a l  
t e s t s  were rl..m with ths th ree -b l sde  3155-6 d e 2  -L{g + r 7 c p e l l e r  
t o  ob tg in  c h a r a c t e r i s  t i c s  f o r  etch degree 01’ k J 1 n r i e  vi:.:le 
between - 5 O  and 5 O .  These ac’,dit ionel r - a su l t s  a r e  priesanted 
i n  f i g u r e  26 with the  r e s u l t s  o f  t he  o r i g i n a l  t e s t s  a t  5 O  
su?erimposcd. The curvss f o r  - 5 O  a i d  5 O  wbre  n o t  d u p l i c a t e d  
wi th in  s e v e r a l  percent ,  n o t  on ly  because tiit: or l .gi .nol  , t e s t s  
incli tded :: wing i n  the ? i . i~opzl . la r  wnko vvhersss t t l e  t c s k s  a t  
lo i n c r m a n t s  war? made wi thout  i! bu t  S l S O  Ijec:?..usa 
t h e  magnitudes of‘ tiis t h m s t  i n  r e l s t  on t o  t ape  
powar wore ext remsly  sna l i .  

~, 

Tha piainary rZ,?son for t he  a d d i t i o n a l  ~ ~ c ) p a : ~ .  of 
b l z d e  angles  w z s  t o  check r e s u l t s  ~ ih : ” . ch  i n d i c a t e d  three: 
equf l ib r ium r o t e t i o n n l  sT)ecds ( m d  c o n s e q u m t l y  .tiix>9e 
t h r u s t s )  a t  a g i v m  f o r w n r d  v e l o c i t y  i n  t h o  b l ed2  s r q l l e  
rag ion  between T o  mid -40. 

Figure  27, which is n p l o t  showing the v n r i n t i o n  of 
w i t h  J of the  th rea -b l sda  3155-6 p ~ o p e l l a r  a t  s e v e r a l  

b l eds  angles ,  i l l u s t r a t e s  thc3 c h a r a c t e r i s t i c s  i n  t h i s  
doub t fu l  rrsnge. >’.‘or R given  ~ 8 . 1 ~ 9  of  7 V ,  and D ,  
i t  would be rur,sonQble t o  expec t  ‘3 unique valuo of’ J, 
and consequent ly ,  xi. T h e  r & s u l t s  p rc san tad  i n  figure 27,  
however, i n d i c a t . s  zs nirny 2s th rge  n o s s i b l s  v ~ . l u s s  o f  J 
for a given G. S i m i l a r  curves  o-5tEinad from 5E68-26 
p r o p e l l e r  r e s u l t s  i n  r e f e r e n c e  3 show on ly  one v.? lue  o f  J 
i n  t h e  sem6 range of’ b l sde  angles .  

An 3tte;npt t o  e x p l a i n  these  pecul1z.r ros:ilts by 
theo ry  was n o t  conclus ive  because o f  t h e  1rc:c C J ~  sdequ?.te 
s e c t i o n  d a t ?  rcJri tho h j g h  negpt lve  r z - i ~ l ~ s  of r c t o c l c  
exp e r  f en c e d. 
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The f o l l o w i n g  concli.isions a re  Sssed on p r o p e l l e r  t e s t  
r e s u l t s  f r e e  of corcpx~cysihil j  t y  eff 'ects .  

1. For  similar oroi)el~ler  51.6de des igns ,  c h n r a c t e r i s t i c s  
m y  be p r e d i c t e d  jn t he  u 9 g r t i v e - t h r u s t  range t o  e l i m i t e d  
deg,ree o f  accuracy for an7 g c t i v i t y  f e c t o r ,  -rovl.ded the  
u r o - p o l l e r  characteristics Are known €'or orie v a l u e  of a c t i v i t y  
f a c t o r .  

2. Adequate n e g a t i v e  thrusts mag be p o s s i b l e  a t  
extremely high p o s i t i v e  3s rnrell c.s negetive b l a d e  angles, 

3 .  A t  low va lues  of  J, sirLp-le r o t a t i o n  produced 
hipher n e g a t i v e - t h r u s t  coefL' ic ients  than duP l  r o t a t i o n ,  
but a t  va lues  of J h iche r  t;hm sbou t  1.5, d u a l  r o t a t i o n  
gave hipher coefr'l  c i m t s .  

L ~ n g l e y  Yemor ia l  k e r o n w t i c a l  Laborstory 
N a t i 011 a 1 Ad v i s c r y C omn! i t t. e e Po r Ae r on au t  i c s 

Langley F i e l d ,  Vn. 
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Figure 3.- Plan form m d  blade-form curves f o r  propel lers  3155-6 and 3155-6-1. . 
Blade-form curves, except  b/D, 
D ,  diameter; R ,  radius;  r ,  etat ion radius; b ,  Rection chord; 
h ,  asct ion tnickness;  P ,  geometric p i t c h .  

are i d e n t i c a l  f o r  tne t r o  propel?ers. 
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F i g u r e  4.-  D i f f e r e n c e  I n  b l a d e  a n g l e  of f r o n t  and  r e a r  components ,  d u a l - r o t n t l n g  
prope l l e  r . 
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F i g u r e  5.- V a r i a t i o n  of t h m n t  c o e f f i c i e n t  w i t h  advance r a t i a ,  t h r e e  nar row b l a d e s .  



F l g u n  5.- Continued. 
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F i g u r e  6 . -  V a r i a t i o n  of  p m e r  c o e f f i c i e n t  wlth  advance r a t i o ,  three  narrow b l a d e s .  
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Fyure  7.- Conflnued J 
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Figure  8 . -  Variat ion of power c o e f f i c i e n t  wlth  advance r a t i o ,  four narrow bladee ,  
s i n g l e  r o t a t i o n .  
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F i g u r e  g.- Cont inued  
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F 1 ~ u 1 . e  10.- V a r i a t i o n  of power c o e f f i c i e n t  w i t h  advance r a t i o ,  four nar row b l a d e s ,  
dual r o t a t  I o n .  
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Figure  10.- Contlnued.  
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Figure 11.- V a r l a t l O n  of t h N f i t  c o e f f i c i e n t  w i t h  advance r a t i o ,  SIX n n r r o w  blades ,  
d u a l  r o t a t i o n .  
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F i g u r e  11.- Cont inued .  
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. .  
Figure 12.- Variation Of power c o e f f i c l z n t  with advance r a t i o ,  e i x  .narrar blades,  

dual rotat ion.  



F i g u r e  12.- Continued. 
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F3 u r e  12.- Concluded J 
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. .  

F i g m  1 3 . -  Variation Of thrust  coefficient with advance r a t i o ,  e i g h t  narrm 
blades,  dual rotat ion.  
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. .  F i g u r e  13.- Continued. 
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Figure  14.- Cont lnued  
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F i g u r e  15.- V u r i n t l q n  of ti-must c o e f f i c i e n t  m i t h  - - i v n n r ?  r i t i c ,  t ’ r - t  . ,11 ’  1 ,  
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. -  F i p r e  16 . -  Variation of power c o e f f i c i e n t  with advance r a t i o ,  three wide blades.  
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Figure 16.- Continued. 
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F1guz-e 17. - Continued. 
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Figure 18.- Variation of pcwer c o e f f i c i e n t  with  advance r a t i o ,  four wide blades ,  
s ingle  rotat ion.  
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Figure 18.- Continued. 
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F i g u r e  19.- Variat ion Of thrust  c o e f f i c i e n t  with  advance r a t i o ,  four wide blades, 
dual r o t a t i o n .  
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F i g u r e  19.- Cont inued .  
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Figure 20.- Variat ion of power C o e f f i c i e n t  w i t h  advance r f l t l o ,  four r i d e  b l a d e s ,  
dual  r o t a t  i o n .  
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Figure 20.- Continued. 
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F i g u r e  21 . -  VmlRt lon  of t h r u s t  c o e f f l c l e n t  w i t h  advance r a t l o ,  e l x  wlde b ladea ,  
dual r o t n t l o n .  
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F i g u r e  21.- Cont inued .  
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Figure  22. -  Vnr1: t lon  of power c o e f f i c i e n t  wl tn  -d:r.iqcc r s t i o .  C ~ X  w i d e  b l a i o c ,  
d u a l  f i t n t l o n .  



c 

MR No. L5C07 

Figur?  22.- Continued. 
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. 
FI?ure '3.- " n r l a t l o n  of t n r u s t  c o e f f l c i e n t  ".It'? advance r a t i o ,  e1vr.t  mide bln. lo . . ,  

d u a l  r o t n t l o n .  
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Figure 24.- Varlation of power c o e f f i c i e n t  r l t n  advance r a t i o ,  e i g h t  ride blades,  
' dual r o t a t i o n .  
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Figure  24.- Continued. 
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Figure 2 6 -  Variat ion of thrust  and power c o e f f i c i e n t s  wi th  advance r a t i o  f o r  
small  increments of p ,  three  narrow b l a d e s .  
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